Treatment of 2',3'-0-isopropylideneuridine-5'-aldehyde with the stabilized Wittig reagent, (p-toluenesulfonylmethylene)triphenylphosphorane, gave high yields of 1-[5,6-dideoxy-2,3-0-isopropylidene-6-(pbo-hex-5(E)-enofuranosyl]uracil (2). This vinylsulfone (2) underwent isomerization readily in base to give the allylic sulfone, 1-[5,6-dideoxy-2,3-0-isopropylidene-6-(p-toluenesulfonyl)-fi-~-erythro-hex-4(Z)-enofuranosyl]uracil (3). Treatment of 2 or 3 with aqueous trifluoroacetic acid gave the corresponding deprotected vinyl (5) or allylic (6) sulfones, and 5 was converted to 6 readily in basic solutions. Treatment of 2 with sodium borohydride, sodium thiomethoxide, or ammonia resulted in conjugate addition (at C5' of the vinyl sulfone) to give the 5'-hydro, 5'-methylthio, or 5'-amino-5',6'-dideoxy-6'-(p-toluenesulfony) nucleosides. The 5'-substituted diastereomers were deprotected, separated, and the configuration of a 5'-amino derivative was established by X-ray crystallography.
Introduction
Among the varied structural features present in nucleoside antibiotics ( l a , 2a), the polyoxin and nikkomycin complexes (A) have a substituted 5'-amino-5'-deoxyhexofuranosyl uronic acid sugar backbone with a uracil or 5-substituted-uracil base (lb, 2b). Other nucleoside antibiotics (e.g., decoyinine (B)) have unsaturated sugar moieties and (or) further modifications at C5' (lc, 2c). Methylthioadenosine phosphorylase catalyzes the glycosyl cleavage of 5'-S-methyl-5'-thioadenosine (C), and the resulting 5-S-methyl-5-thioribose 1-phosphate is converted to methionine by salvage pathway enzymes (3). Pyrimidine nucleoside phosphorylases effect analogous cleavage of uridine nucleosides (4) . Thus, the synthesis and biological evaluation of uridine nucleoside analogues modified at C5' with amino or methylthio substituents is of current interest.
'For the previous paper in this series see ref. 37 . 'Author to whom correspondence may be addressed at Brigham Young University.
Pr~nled ~n Canada / lrnpnrne au Canada Chain extensions and other c a r b o n~a r b o n bond forming reactions at C5' of nucleosides have generally involved oxidation to 5'-aldehyde derivatives and treatment with Wittigtype reagents, or nucleophilic conversions with 5'-deoxy-5'-halonucleosides (5, 6) . Wittig reactions of nucleoside 5'-aldehydes with stabilized ylides have provided 6'-substituted-5',6'-unsaturated hexofuranosyl nucleosides (7) (8) (9) (10) (11) (12) . However, direct introduction of the methylene group at C5' has met with limited success, and only recently has the direct synthesis of 5'-deoxy-5'-methyleneadenosine been reported (13) . Seebach's silyl nitronate (nitro-aldol) methodology was used for chain extension of aldehyde sugars including a uridine 5'-aldehyde derivative (14). Barton et al. developed radical-mediated chemistry for the stereocontrolled synthesis of chain-lengthened nucleoside phosphonates (15a), vinyl sulfones (15b), and a phosphonate analogue of 3'-azido-3'-deoxythymidine 5'-monophosphate (AZTMP) ( 1 5~) .
A multistep synthesis of 5'-homo-AZT from 1,2;5,6-di-0-isopropylidene-3-0-mesyl-a-D allofuranose (4% overall yield) was reported recently (16) . Chattopadhyaya and co-workers prepared 1-(2,3-dideoxy-3-p-toluenesulfonyl-~-~-glycero-pent-2-enofuranosyl)uracil and its adenine analogue (17) and the uracil 3'-phenylselenone analogue (18) . These powerful Michael acceptors (vinyl 3'-sulfone or selenone) were utilized to functionalize the carbohydrate moiety of nucleosides. The chemistry of vinyl sulfones was reviewed recently (19 
Results and discussion
Moffatt oxidation of 2', 3 '-0-isopropylideneuridine (1, Scheme 1) (7, 20) , followed by treatment of the resulting 5'-aldehyde with the stabilized ylid, (p-toluenesulfonylmethylene)triphenylphosphorane (21, 22) , gave the vinyl sulfone, 1-[5,6-dideoxy-2,3-0-isopropylidene-6-@-toluenesulfonyl)-~-~-ribo-hex-5(E)-enofuranosyl]uracil (2, 85%). The 'H NMR spectrum of 2 in Me2SO-d6 had a "collapsed" broad singlet for H5' and H6' whereas its spectrum in CDC13 had two doublets of doublets. The large vinyl coupling constant (3~5~41 = 15.0 HZ) was in harmony with the E configuration. Deprotection of 2 with aqueous trifluoroacetic acid gave l-[5,6-dideoxy-6-@-toluenesulfonyl)-~-~-ribo-hex-5(E)-enofuranosyl]uracil (5, 89%). Attempted application of methods for the reductive cleavage of carbon-sulfur bonds in saturated (23) (24) (25) and a$-unsaturated (26) (27) (28) (29) sulfones to 2 failed to give 5'-deoxy-2',3'-0-isopropylidene-5'-methyleneuridine. The Corey sulfone cleavage conditions (23) with sodium (24) or aluminum (26) amalgam resulted in rearrangement of the vinyl to allylic sulfones (2 -+ 3) and (or) recovery of starting material. Formation of more complex mixtures was observed under more vigorous conditions. Attempted desulfonylation of 2 via conjugate addition of tributylstannyllithium (29) also failed, possibly resulting from interactions between the reagent and the uracil ring, in contrast to results with the adenosine analogue (13) . The sodium dithionite procedure of Julia and co-workers (27, 28) caused loss of UV absorption, presumably resulting from nucleophilic addition of the reagent to C6 of uracil as anticipated from sodium bisulfite addition studies of Shapiro et al. (30) .
Base-catalyzed isomerization of the vinyl sulfone 2 to a single allylic sulfone (3, 91%, exocyclic double bond tentatively assigned the less hindered shifts of C5' relative to spectra of the 5'-amino analogues whose configurations were defined by X-ray crystallography of 12b(5'R). The 13c NMR peak for C5' of 8(5'R) was at 1.2 ppm higher field than that of 9(5'S). Shifts for C5' of lob (0.8 ppm) and 12b (0.6 ppm) (5'R) also were at higher fields than those of their S isomers.
Treatment of 2 with methanolic ammonia or aqueous ammonia in ethanol gave the 5'-amino-5',6'-dideoxy diastereomers lOa(5'R) and lla(5'S) (-1:1, 77%) plus the isomerization product 3 (19%). Purification by silica column chromatography resulted in partial separation of 10a and l l a . Treatment of a mixture of these diastereomers with 4-dimethylaminopyridinelacetic anhydride (34) gave the 5'-Nacetylamino derivatives 12a(5'R) and 13a(5'S), which were separated readily by chromatography. Deprotection of separated 10a and l l a , and 12a and 13a with aqueous trifluoroacetic acid gave 106 and l l b , and 12b and 13b, respectively. X-ray crystallography established the R configuration at C5' of 12b. Removal of the N-acetyl group from 13b(5'S) was effected by heating with 1 M hydrochloric acid at --90°C for 30 h to give llb(5'S).
Attempted removal of the p-toluenesulfonyl group from a mixture of 10allla by heating at reflux with magnesium turnings in MeOH as described recently (25) termediate underwent Michael addition of hydrogen (sodium borohydride), thiomethanol, and ammonia to give the corresponding 5'-substituted-5',6'-dideoxy derivatives. Removal of the isopropylidene group was effected with aqueous trifluoroacetic acid. Base-catalyzed isomerization of the vinyl sulfone to give a single geometric isomer of the 4',5'-unsaturated allylic sulfone occurred readily. Attempted desulfonylation by various methods failed. New 5'-s~bstituted-6'-~-toluenesulfonyl-5',6'-dideoxy nucleoside analogues have been prepared and characterized, including determination of C5' stereochemistry by X-ray crystallography. Biological testing results will be reported separately.
compound (12b) crystallized in the orthorhombic space group P212121 with a = 7.302(2), b = 11.352(4), and c = 25.813 (9) A with Z = 4. A total of 2359 unique data points were taken of which 1443 were considered observed, F > 3o(F).
The structure was solved using direct methods and refined using a full-matrix least-squares procedure. All non-hydrogen atoms were refined anisotropically. Positional parameters for hydrogen atoms of the nucleoside were calculated using known stereochemical geometry or obtained from difference maps, and these parameters were not refined. The isotropic thermal parameter of each hydrogen atom was set equal to 1.2 times the equivalent isotropic thermal parameter of the atom to which it was bonded, and these parameters were not refined. The phenyl ring was refined as a rigid body with C -C bond lengths fixed at 1.395 A and C --C -C angles fixed at 120". A partial water of hydration was located in the difference map. Its oxygen atom was refined anisotropically with an occupancy factor of Single crystal X-ray structure determination The single crystal structural study was performed with a Siemens R3mN automated diffractometer that utilized graphite monochromated Mo K a radiation (1 = 0.71073 A). The 'Spectrum in CDC13 revealed dd's at 6 6.48 (J6'-5' = 15 Hz, J6'L4' = 1.9 HZ, H6'), 7.05 (J5,-4, = 4.5 Hz, H5').
'Triplet.
k(3J5,-6',c).
'Irradiation of the signal at 6 3.93 (H4') simplified the multiplet at 6 1.91 (H5I.5") Into a triplet (J5s-6' = 8.0 HZ).
"Multiplet. ( Js,-NH). ' 6 3 .58 (dd, J6'-6 = 14.7 Hz, H6'), 3.36 (dd, Jr-5, = 9.6 Hz, H 6 ) . "6 3.51 (dd, Ju-v = 15.0 HZ, H6'), 3.43 (dd, J6"-5, = 2.0 HZ, H6").
The water hydrogen atoms could not be located in dif-
and hydrogen bond data are included in the supplementary ference maps and were not included in the refinement. The material.3 final R values were R = 0.0641 and R, = 0.0574. All computer programs used in the structure solution, refinement, and display are included in the "SHELXTL PLUS" (35) program package. Standard atomic scattering factors (36) were used.
The drawing of the structure of 12b in Fig. 1 clearly established the R configuration at C5'. The pseudorotation angle of the furanose ring is 47.2", indicating a 4~~ conformation very close to 4 E . The C&Nl-C1'--04' glycosyl torsion angle is 67.0(8)" and the C3'-C4/-C5'-N5/ torsion angle is 60.0(8)". There are no intramolecular hydrogen bonds in the structure, but H02' and HN3 are involved in intermolecular hydrogen bonds. Also, H03' is hydrogen-bonded to the water of hydration. Details of the experimental procedure, structure solution, and refinement along with atomic positional and thermal parameters, bond lengths and angles, important torsion angles,
Experimental section
Uncorrected melting points were determined on a microstage block. UV spectra were recorded on a Hewlett Packard 8951A spectrophotometer. 'H (200 MHz) and 13C (50 MHz) NMR spectra were recorded on a Varian Gemini-200 spectrometer. 'H spectra at 500 MHz were determined on a Varian VXR-500s spectrometer. Method B A solution of 1 (4.26 g, 15 mmol) and DCC (12.36 g, 60 mmol) in anhydrous Me2S0 (60 mL) was stirred with cooling (ice-bath) while C12CHCOzH (0.62 mL, 0.97 g, 7.5 mmol) was added, and stirring was continued at ambient temperature for 2 h. (p-Toluenesulfonylmethylene)triphenylphosphorane (21,22) (6.88 g, 16 mmol) was added and, after stirring overnight, TLC (Sl) indicated complete conversion to a more rapidly migrating product. Oxalic acid dihydrate (5.67 g, 45 mmol) in MeOH (50 mL) was added and, after 30 min, DCU was filtered and the filtrate evaporated in vacuo. The residue was partitioned (EtOAc/H20) and the organic layer washed with H20 (2 x 50 mL), NaHC03M20, and NaCVH20, dried (MgS04), and evaporated to give a yellow solid foam. Column chromatography (MeOWCHCI3, 1.5:98.5) and crystallization (MeOH) gave 2 (5.47 g, 84%) with identical data.
I -[5,6-Dideoxy-6-(p-toluenesulfonyl)-~-~-ribo-1~ex-5(E)-enofurano-
syl]uracil5 A solution of 2 (217 mg, 0.5 mmol) in CF3C02H/H20 (9:1, 5 mL) was stirred at -0°C for 25 min, evaporated, and coevaporated with EtOH. Crystallization of the residue (MeOH) gave 5 (175 mg, 89%) as white needles; mp 212-213°C; UV (MeOH) max: 238 nm (E 21 000), shoulder: 260 nm (E 9900). min: 221 nm (E 12 600); 
-[5,6-Dideoxy-2,3-O-isopropylidene-6-(p-toluenesulfonyl)-~-~-erythro-hex-4(Z)-enofuranosyl]uracil3
To a stirred solution of 2 (217 mg, 0.5 mmol) in CH3CNM20 (1:1, 15 mL) was added 1 M NaOH/HzO (1 mL) (alternatively, DBU (0.075 mL, 76 mg, 0.5 mmol) in THF (I0 mL) was used) and stirring was continued at ambient temperature for 4 h. TLC (S2) indicated complete conversion to one slightly slower migrating product. The solution was concentrated to half volume and EtOAc (30 mL) and 0.1 M HCVH20 (10 mL) were added. The organic layer was separated and the aqueous layer washed with EtOAc (2 x 10 mL). The combined organic phase was washed with NaHC03/H20, NaCVH20, dried (MgS04), and evaporated to a white foam that was diffusion crystallized (hexaneEtOH) to give 3 (198 mg, 91%) as a white solid; mp 119-121°C; UV (MeOH) max: 258 nm (E 10 300), min: 241 nm (E 8000); MS d z : 419 
1-[5,6-Dideoxy-6-(p-toluenesulfonyl)-P-~-erythro-hex-4(Z)-enofura-
nosyl]uracil 6 Method A A solution of 5 (100 mg, 0.25 mmol) in MeOH/H20 (1:1, 30 mL) was treated with 1 M NaOH/H20 (1 mL) and stirred at ambient temperature for 8 h (TLC (S3) showed a single slightly more polar product). Dried Dowex 50W-X8 (H+) resin (0.3 g, 2 W 0 0 mesh) was added, stirred for 1 h, filtered, and washed with MeOH (2 x 10 mL). The combined filtrates were evaporated and the residue crystallized (MeOH) to give 6 (7 1 Extension of the deprotection time to 45 min resulted in formation of additional uracil without complete consumption of 3.
-[5,6-Dideoxy-2,3-O-isopropylidene-6-(p-toluenesulfonyl)--~-ribo-
hexofuranosyl]uracil4a To a magnetically stirred solution of 2 (260 mg, 0.6 mmol) in MeOH/H20 (1:1, 60 mL) was added sodium borohydride (45 mg, 1.2 mmol). TLC (S2, two developments) after 18 h at ambient temperature indicated -95% conversion to a slightly more polar product. The solution was concentrated to half volume and the residue was partitioned (CHC13/H20). The organic layer was washed with NaCVH20, H20, dried (MgS04), and evaporated to give a foam that was purified by column chromatography (Me2CO/CHC13, 1:9). Evaporation of appropriately pooled fractions and diffusion crystallization (hexaneEtOH) gave 4a (218 mg, 83%) as an amorphous powder; For personal use only.
1.83 mmol) was added, the solution evaporated, and the residue partitioned (CHCl31/NaHCO3/H20). The organic layer was washed with NaCl/H20, dried (MgS04), evaporated, and the residue diffusion crystallized (hexaneEtOAc) to give 7 (210 mg, 29%, 5'(R/S) 
